We construct a large number of record-breaking binary, ternary and quaternary codes. Our methods involve the study of BCH-codes over larger fields, concatenation, construction X and variants of the Griesmer construction (residual codes).
Review of the theory

Tools
Aside of concatenation we also make use of construction X and of a variant of the Griesmer mechanism. We record construction X for linear codes (see [7] ) in the following form: We come to the Griesmer mechanism: Let C 1 be a q-ary code [n, k, d] with basis {v 1 , . . . , v k }, where wt(v 1 ) = d. Consider the code generated by {v 2 , . . . , v k }, project to the coordinates that do not belong to the support of
Let us call this process a Griesmer step. Repeated application yields to the celebrated Griesmer bound:
The following generalization has been used in [8] for binary codes.
Theorem 2 Let C be a q-ary linear code with parameters [n, k, d] and v ∈ C of weight w. Assume d − w + w/q > 0. Then there is a code [n − w, k − 1, d − w + w/q ] ( the residual code) obtained by projecting a subcode of C to the coordinates which do not belong to the support of v.
Proof: Proceed as in a Griesmer step, based on the word v = v 1 of weight w. Complete v 1 to a basis {v 1 , . . . , v k }, let D be the code obtained by projecting < v 2 , . . . , v k > to the coordinates which do not belong to the support of v. Let x be a nonzero word of D having weight w after projection to D. We want a lower bound on w . It can be assumed that the nonzero entries of v are 1. Denote by δ i the number of coordinates in the support of v, where x has entry i ∈ IF q . As x − i · v is a nonzero word of C we get
As the mean value of the δ i is w/q, our claim concerning the minimum distance of the residual code is proved. The same considerations also show that the residual code does indeed have dimension k − 1.
3 A family of low-dimensional BCH-codes
The cyclotomic cosets {−1, −q} and {−(q + 1)} = {q 2 − q − 2} show that the corresponding BCH-codes form a chain 
We will use Lemma 1 to obtain new binary and ternary codes.
A geometrical description
As the coordinate functions of a linear code are linear functionals it is always possible to describe a k-dimensional linear q-ary code C in the following way (see [4] ): the code words are parametrized by elements x ∈ IF k q , the coordinates by elements γ ∈ Γ, where Γ is an n-element subset of IF k q . The corresponding entry is x·γ. Here we make use of the standard scalar product. It is clear that C = C(Γ) has dimension k if and only if Γ generates the vector space IF
if and only if no two elements of Γ are multiples of each other. If C is projective we can consider Γ as a subset of the projective space P k−1 (q). Multiplying an element of Γ by a nonzero constant produces an equivalent code. The weight of x in C(Γ) is given by
Consider the extended BCH-codes from Lemma 1. The 3-dimensional code C 2 has the same weight-distribution as C(Γ), where Γ is the affine plane. As the dual distance is computable from the weight-distribution and C ( affine plane ) is projective, it follows that C 2 and C 1 are projective. Write C 1 = C(Γ) and study the q 2 -set Γ, which we consider as a subset of the 3-dimensional projective geometry. We want to show that no three points of Γ are collinear, equivalently d (C 1 ) > 3. As d(C 1 ) = q 2 − q − 1, we have that every plane intersects Γ in at most q + 1 points. Assume a line l meets Γ in x ≥ 2 points. Counting points of Γ on the q + 1 planes through l we g q 2 ≤ x + (q + 1)(q + 1 − x). It follows x ≤ 2. It is well-known that sets of points in P 3 (q) with this property (no three on a line) have at most q 2 + 1 points. In the case of equality one speaks of ovoids. Examples of ovoids are elliptic quadrics. Choose coordinates such that P 4 = (0, 0, 0, 1) generates C 3 , together with P 2 and P 3 (using obvious notation) C 2 is generated, and let finally P 1 = (1, 0, 0, 0) have weight q 2 − q − 1 in C 1 . As wt(P 4 ) = q 2 we have that P ⊥ 4 =< P 1 , P 2 , P 3 > intersects Γ in the empty set. In particular P 1 / ∈ Γ. As C 2 has minimum weight q 2 − q, it follows that planes through P 1 contain at most q points of Γ. The usual counting argument shows that P 1 is not collinear with any two points of Γ. It follows that O = Γ ∪ {P 1 } is an ovoid. If we add a (q 2 + 1) − st column (1, 0, 0, 0) t to the generator matrix of C 1 we get an ovoid-code C(O). Our extended BCH-code C 1 is a shortening of C(O). The weight-distribution of these codes is now easily determined: every plane E either is a tangent plane of O (meets O in one point) or it meets O in q + 1 points. Furthermore every point of O is on precisely one tangent plane. This shows that the weight-distribution of C(O) is as follows:
The weight distribution of C 1 is easily determined from this. We record this in the following Lemma:
Lemma 2 The 4-dimensional extended q-ary BCH-code C 1 =C(A 1 ) as described in Lemma 1 is obtained by shortening from an ovoid code. Its weightdistribution is
3.2 Case q = 8, n = 2.
Consider the chain from Lemma 1 in case q = 8. We know that the parameters of these 8-ary codes are and their weight distributions are given by
C 3 is generated by the all-1 word, the words in C 2 \ C 3 are just the words of weight 56, whereas the words in C These parameters are new. They are known to be d-optimal (see [5] The first of these is d-optimal. Application of a Griesmer step to the second of these codes leads to new d-optimal parameters [113, 10, 52] 2 .
3.3 Case q = 9, n = 2.
We use Lemmas 1 and 2 in case q = 9. Concatenation with the code [4, 2, 3 3.4 Case q = 16, n = 2.
We consider the ovoid code. After concatenation with a quaternary code [5, 2, 4] 
More quaternary and binary codes
In [2] we have developed a theory of general BCH-codes and constructed related codes which arise out of these codes by lengthening and extending. We consider here the primitive quaternary BCH-codes C(t) of length 63 with designed distance t + 1. Codes C(t) with t ∈ {41, 42, 46} form a chain 
Parameters of new linear codes
For the convenience of the reader we collect the new parameters of linear codes constructed in this paper. More interesting codes may be obtained by standard constructions like shortening, puncturing and residues (Griesmer steps).
